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Background/aims: The gastrointestinal symptoms accompanying dysfunction of the remnant stomach
were seen after pylorus-preserving operation. Against such complications, Dai-kenchu-to (DKT) is used,
but scientiﬁc evidences for efﬁcacy are poor. The effect of DKT on gastrointestinal motility and gastric
emptying after pylorus-preserving operation was investigated.
Methods: Using beagle dogs, the experimental models mimicking the state after pylorus-preserving
pancreaticoduodenectomy were prepared. We sutured strain gauge transducers to the stomach,
duodenum and jejunum and inserted indwelling tubes into the stomach. About 4 weeks after operation,
DKT 0.1 g/kg was administered during the fasting or fed state. At the same time, the gastric emptying was
evaluated by the acetoaminophene method.
Results: In the fasting state, administration of DKT enhanced the gastrointestinal motility and accelerated
gastric emptying. In the postprandial state, no apparent effect on motility was seen.
Conclusion: DKT enhances the gastrointestinal motility after pylorus-preserving pan-
creaticoduodenectomy in the fasting state. The effect of DKT may not be related to the continuity of the
intramural nerve.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
In gastrointestinal surgery, the importance of function preser-
vation has been recognized. Especially, pylorus-preserving pan-
creaticoduodenectomy is contributing to better QOL of patients by
retaining the gastric reservoir function and preventing reﬂux of
intestinal ﬂuid. However, in the early postoperative stage, the
gastrointestinal symptoms accompanying dysfunction of the
remnant stomach such as abdominal fullness and nausea are often
seen, causing various problems such as delayed start of oral
ingestion or prolonged hospitalization. One of the most frequent
problems after pylorus-preserving pancreaticoduodenectomy is
delayed gastric emptying.1–3 Against such complications, gastro-
intestinal prokinetics are used, but scientiﬁc evidences for efﬁcacyauge transducers; APAP, Ace-
ctions.
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ciates Ltd. Published by Elsevier Ltare poor. We prepared pylorus-preserving operation models and
investigated the inﬂuences of DKT on the postoperative gastroin-
testinal functions.2. Methods
2.1. Preparation of experimental model
After 12 h of fasting, beagle dogs (body weight, 10–12 kg) were
anesthetized by intravenously administering pentobarbital (25 mg/
kg) and were intubated in the supine position. Under mechanical
ventilation (tidal volume 250 ml, respiratory rate 14 breaths/min),
a self-retaining 20 G venous catheter was inserted for drip, and the
following surgery was performed under isoﬂurane-induced inha-
lation anesthesia.
A median incision was placed on the upper abdomen, and the
duodenumwas transected about 2 cm anal to the pylorus. The anal
stumpwas closed by stapling, and the oral stumpwas anastomosed
to 3 cm from the end of the anal stump (end-to-side anastomosis).
To administer drugs from the anterior wall of the body of the
stomach, gastrostomy was performed to place a silicone tube
(external diameter, 2.5 mm; internal diameter, 1.5 mm; Fujid. All rights reserved.
Table 1
Motility index in the fasting state. The total amplitudewas signiﬁcantly higher in the treatment with Dai-kenchu-to than in the treatment with physiological saline (P< 0.05) at
all the sites and the mean amplitude at the duodenum.
TA
0–10 min 10–20 min 20–30 min 30–40 min 40–50 min 50–60 min
Stomach DKT 253.5 90.9 211.7 72.0 130.1 24.3* 58.2 34.8 13.2 6.5 55.9 32.2
NS 23.0 7.9 36.1 19.6 17.1 7.5 54.6 39.2 79.4 68.4 129.4 97.3
Duodenum DKT 1003.2 325.4 625.4 43.6 9682 125.1* 1458.1 903.4 1043.4 733.4 461.7 366.2
NS 671.3 173.3 387.3 91.8 4762 104.1 506.1 164.1 613.5 181.2 4152 108.7
Jejunum DKT 1888.9 411.1 1181.1 210.7 3504.5 688.1* 2216.0 427.8 2401.8 901.7 1920.0 442.3
NS 1141.3 298.5 530.4 348.0 510.8 177.0 975.7 293.2 1358.6 440.5 1399.8 769.5
Fre
0–10 min 10–20 min 20–30 min 30–40 min 40–50 min 50–60 min
Stomach DKT 18.5 7.3 17.8 8.9 6.3 3.1 6.5 3.6 6.0 4.1 13.3 7.8
NS 14.3 7.7 17.8 9.7 9.8 7.1 10.5 6.1 11.5 6.2 18.8 6.7
Duodenum DKT 84.8 3.2 71.0 13.6 83.5 12.0 62.0 26.1 84.8 21.6 50.8 16.2
NS 84.0 17.9 74.3 18.5 86.0 9.5 66.5 20.9 84.0 13.9 94.5 9.6
Jejunum DKT 65.5 11.0 54.8 8.7 71.3 20.3 74.0 15.2 68.3 21.9 87.8 9.1
NS 47.5 19.4 21.0 9.0 48.0 22.3 61.3 24.1 58.0 17.7 60.3 23.2
MA
0–10 min 10–20 min 20–30 min 30–40 min 40–50 min 50–60 min
Stomach DKT 10.7 5.3 10.4 3.4 2.2 1.0 11.1 6.2 2.5 1.1 11.3 8.6
NS 3.9 2.0 3.1 1.8 4.9 2.1 3.8 2.2 7.8 3.3 5.9 3.2
Duodenum DKT 11.8 3.7 10.1 2.4 11.7 0.6# 24.1 6.6 9.6 5.2 7.2 3.8
NS 7.5 1.3 5.5 0.9 5.4 1.1 8.0 2.1 7.6 2.4 4.5 1.4
Jejunum DKT 34.8 12.8 23.9 6.1 66.6 24.5 33.0 8.3 32.2 3.9 22.0 4.8
NS 30.8 6.3 68.3 49.9 9.7 3.9 26.5 10.3 30.3 8.9 26.9 9.4
*P< 0.05, #P< 0.001.
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Strain gauge transducers (SGTs) were sutured to the serous surface
of the gastric antrum, duodenum, jejunum (F-12IS; Star Medical,
Tokyo), so that contractions of the circular muscle could be recor-
ded (n¼ 4) (Fig. 1).
The lead wire for the SGTs was removed outside the abdominal
cavity through the lateral abdominal region and then outside theTable 2
Motility index in the fed state. No inﬂuences on gastrointestinal motility were seen with
TA
0–10 min 10–20 min
Stomach DKT 52.2 18.3 59.3 14.6 5
NS 76.3 34.0 104.7 51.5 13
Duodenum DKT 541.5 282.3 393.7 132.2 63
NS 522.0 207.6 749.8 292.5 57
Jejunum DKT 1092.8 466.3 419.0 181.9 35
NS 5392 161.7 654.5 275.1 49
Fre
0–10 min 10–20 min
Stomach DKT 6.25 1.7 6.5 3.8
NS 15.0 9.3 15.5 10.6 1
Duodenum DKT 32.5 15.4 29.5 5.7 4
NS 98.0 3.7 91.3 15.8 6
Jeiunum DKT 51.0 12.9 37.5 12.8 2
NS 67.8 25.5 72.3 20.1 6
MA
0–10 min 10–20 min
Stomach DKT 9.9 10.8 9.1 3.9 1
NS 5.1 3.5 6.8 4.9
Duodenum DKT 16.7 18.3 13.3 3.6 1
NS 5.3 5.6 8.2 6.5
Jejunum DKT 21.4 16.3 11.1 4.1 1
NS 8.0 6.3 9.1 6.9body through a subcutaneous tunnel between the left and right
scapulas. The lead wires were then connected to a telemetry device
and were protected by a jacket. Telemetry signals were uploaded to
a computer and saved using gastrointestinal motility analysis
software (8 Star; Star Medical, Tokyo).
Dogs were fasted up to the second day after surgery, with drip
infusion of 50 ml/kg/day of a mixture consisting of 77 mEq/l Naþ,either Dai-kenchu-to or physiological saline.
20–30 min 30–40 min 40–50 min 50–60 min
3.8 13.1 34.5 20.2 3.1 2.8 0.1 0.1
0.1 75.6 103.5 40.9 3722 11 6.4 206.0 126.0
6.1 142.7 2472 148.6 197.0 105.0 499.1 213.7
6.1 77.2 622.7 106.7 439.5 149.0 291.9 100.4
0.7 182.2 395.1 252.5 380.1 193.1 393.6 290.9
3.9 158.5 746.6 101.0 455.4 277.6 297.5 169.6
20–30 min 30–40 min 40–50 min 50–60 min
3.0 2.7 8.3 7.9 2.3 1.7 0.3 0.3
5.0 11.1 10.5 7.6 17.5 11.6 17.2 11.9
0.8 9.6 17.8 9.7 14.5 9.1 48.0 22.0
4.8 16.8 84.0 9.1 65.3 25.3 75.0 22.4
6.5 10.2 28.8 11.8 24.0 9.1 20.0 12.3
0.8 7.7 66.5 17.8 34.3 17.5 34.8 19.3
20–30 min 30–40 min 40–50 min 50–60 min
7.9 6.8 4.2 2.5 1.4 1.7 0.5 0.5
8.7 6.9 9.9 5.2 21.3 10.0 11.9 10.1
5.6 4.9 13.9 5.3 13.6 5.2 10.4 9.7
8.9 4.6 7.4 6.7 6.7 5.9 3.9 2.4
3.3 7.9 13.7 2.2 15.8 2.1 19.7 2.4
8.1 2.1 11.2 5.3 13.3 1.6 8.6 7.6
Fig. 1. Experimental models. The duodenum was transected on the anal side at about
2 cm from the pylorus. The anal side cut end was closed by suture and the mouth-side
cut end was subjected to end-to-side anastomosis at the position 3 cm from the anal-
side cut end. A gastrostomy for administration of APAP was inserted from the gastric
body middle anterior wall. SGTs were sutured to the serous membrane surfaces of the
gastric antrum, duodenum and jejunum toward the direction enabling recording of
contractile motion of the ring-shaped muscle.
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a liquid diet (200 ml, 1 kcal/ml: Calorimate; Otsuka Pharmaceuti-
cals, Tokyo) was given, and then starting on postoperative day 7,
25 g/kg of canned meat was given daily at the same time of the day.
For prevention of infection, 0.5 g/body of orbiﬂoxacin was drip
infused from postoperative days 0–3 (Victas S; Dainippon Sumi-
tomo Pharma, Osaka).
After a 4-week recovery period, determination of gastrointes-
tinal motility was started.
2.2. Measurement of gastrointestinal motility
2.2.1. Drugs
15 ml of physiological saline containing 0.1 mg/kg of DKT raw
powder extract and 15 mg/kg of acetoaminophene (APAP) was
administered into the gastric lumen through the gastrostomy (DKT
solution). The dose of DKT was determined according to theFig. 2. Gastrointestinal motility in the fasting state. After administration of Dai-kenchu-to, t
the dogs used. The contractile waves were not seen after administration of physiological saprevious study in conscious dogs.4 The gastrointestinal motor
activity obtained by 15 ml of physiological saline solutionwas used
as a control.
2.2.2. Measurement of gastrointestinal motility in the fasted state
After ascertaining at least two occurrences of interdigestive
migrating contractions (IMCs), DKT solution or physiological saline
solution was gradually infused through a gastrostomy 20 min after
the cessation of the IMCs. Gastrointestinal motility was continu-
ouslymeasured for 6 h after DKT infusion or until the appearance of
at least two IMCs.
2.2.3. Measurement of gastrointestinal motility in the fed state
After ascertaining the appearance of an IMCs during the fasting
state, liquid meal (10 ml/kg) was administered over a period of
more than 10 min via the indwelling gastrostomy. 60 min there-
after, DKT solution or physiological saline solution was gradually
infused via a gastrostomy.Measurement of gastrointestinal motility
continued for 6 h after DKT infusion.2.3. Analysis of gastrointestinal motility
The following analyses were conducted during both the fasted
state and the fed states.
2.3.1. Gastrointestinal motility
Using the gastrointestinal motility records obtained, the pres-
ence/absence of appearance of contraction waves and the site of
appearance were evaluated, and the total amplitude (TA), mean
amplitude (MA), and frequency (Fre) were calculated every 10 min
in the 60-min period after drug injection using a computer
program.
2.3.2. Gastric emptying
In both the fasting and postprandial states, blood samples
(0.2 mL each) were taken before drug injection and at 15, 30, 45,
60, 75, 90, 120, 150,180, 210, 240 min after drug injection.
The collected blood samples were immediately centrifuged
(3000 rpm, 15 min). The plasma APAP concentration was deter-
mined by high performance liquid chromatography. Using
a computer program, the entire area under the curve of plasma
APAP concentration until the plasma APAP concentration becomes
zero, i.e., AUCinﬁnity (AUCinf), was calculated, and this was regarded
as the entire amount of the test diet ingested. The gastric
emptying was evaluated by calculating intragastric retention rate
(RR) according to the following formula with the area under the
curve at time x (AUCx)he IMC-like contraction waves appeared at the stomach, duodenum and jejunum in all
line.
Fig. 3. Gastrointestinal motility in the fed state. No contractile waves were seen with either Dai-kenchu-to or physiological saline.






The results were presented as means and standard error of
mean. The statistical analysis was performed using the paired
t-test. Statistical signiﬁcance was set at P< 0.05 (Stat View 5.0; SAS
Institute Inc, USA.).
2.5. Ethical considerations
The above animal experiments were performed in compliance




After administration of DKT, the IMCs-like contraction waves
appeared at the stomach, duodenum and jejunum in all the dogs
used. The contractile waves were not seen after administration of
physiological saline (Fig. 2). The TA was signiﬁcantly higher
(P< 0.05) in the treatment with DKT than in the treatment with
physiological saline at the stomach, duodenum and jejunum andFig. 4. Gastric emptying. In the fasting state, the gastric emptying was accelerated signiﬁcan
saline (P< 0.05), but no difference was seen in the postprandial state.the MA at the duodenum (Table 1). The gastric emptying was
accelerated by administration of DKT than that of physiological
saline (P< 0.05) (Fig. 4).
3.2. Postprandial state
When administered in the postprandial state, neither DKT nor
physiological saline showed any inﬂuences on gastrointestinal
motility and gastric emptying (Table 2, Figs. 3 and 4).
4. Discussion
The experimental models in this study were mimicking the
gastro-small intestinal anastomosis after pylorus-preserving
pancreaticoduodenectomy. Pylorus-preserving pancreaticoduo-
denectomy is a surgical procedure that conserves gastric functions
such as retention, evacuation and prevention of duodenal reﬂux, by
preserving thepylorus. Postoperativeoral intake is favorableandbody
weight loss is small.1 However, soon after surgery, the frequencies of
abdominal bloating and nausea are often seen,2,3 and gastrointestinal
prokinetics are used for the treatment of such symptoms.5–8 In
general, when the digestive tract intramural nerve is transected by
surgery, the transmission of peristaltic motion is transiently
disturbed,9 resulting indelayed transitof thegastrointestinalcontents.
However, the intramural nerve cleavage is considered to recover in
a time-course manner,10 possibly being one of the reasons why thetly more in the treatment with Dai-kenchu-to than in the treatment with physiological
N. Kawasaki et al. / International Journal of Surgery 7 (2009) 218–222222long-term results of pylorus-preserving surgery are favorable. The
recovery of the gastric IMC takes a month or two.10 The experimental
models used in this study had passed about 4weeks after the surgery,
so the timingof experiment seemed to correspond to the clinical stage
inwhich many complaints related to gastrointestinal symptoms such
as oral ingestion disturbance are seen.5,11
DKT is a herbal medicine containing Zanthoxylum Fruit, Ginseng
Root and Dried Ginger Rhizome at a ratio of 2:3:5 and is known to
have a prokinetic effect, but its inﬂuences on gastrointestinal
functions after pylorus-preserving surgery have not been investi-
gated. DKT is considered to induce contraction waves similar to the
IMC only at the administration site and on its aboral site and shows
a higher effect in the fasting state than in the postprandial state.4
The action mechanism has been reported to be a direct effect from
the mucosal surface mainly mediated by the cholinergic nerves as
distinct from many drugs which exert the effect after the active
ingredient has been absorbed leading to a high blood concentra-
tion.12,13 Furthermore, the action mechanism is considered to
involve 5-HT3 receptor,
14 and involvement of 5-HT4 has also been
suggested in vitro.15
It is known that the gastrointestinal motility is modulated by
nervous and humoral factors. Especially in the postprandial state,
various gastrointestinal hormones are secreted after food ingestion
and give inﬂuences on various gastrointestinal functions such as
motility, secretion and blood ﬂow.16 In this study, DKTadministered
in the postprandial state showed a less effect as compared with
administration in the fasting state. As the reasons for this, in
addition to the fact that DKT is diluted with foods and digestive
ﬂuids, involvement of changes in endogenous environments
accompanying food ingestion such as activation of the autonomous
nerve and release of gastrointestinal hormones are considered.
In pylorus-preserving pancreaticoduodenectomy, the prolonged
IMC appearance interval and the non-coordinated contractions of
remnant stomach and duodenum are considered to be the cause of
delayed gastric emptying.17 In the fasting state, DKT showed
a prokinetic effect and an improvement of gastric emptying, and
DKT induced the IMC-like contractions, which were considered to
have supplemented the physiologically seen IMC and accelerated
gastric emptying. Furthermore, since such contraction waves
appeared on both the oral- and anal-sides of the anastomosed site,
it was clariﬁed that the contractionwaves appear irrespective of the
presence/absence of continuity of intramural nerve. The results
obtained in this study suggested that DKT would enhance the
gastrointestinal motility and gastric emptying in the fasting state
and would be useful to improve gastrointestinal symptoms after
pylorus-preserving pancreaticoduodenectomy.
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